Introduction: Deep vein thrombosis (DVT) constitutes a serious clinical, social, and economic problem. Factors predisposing to DVT development include acquired (immobilisation, injury) and inherited (genetic thrombophilia) forms. However, DVT itself is also the risk factor for disease recurrence. Diagnostic algorithms for DVT concern ultrasound examination and D-dimer measurement. Genetic tests, although potentially useful, are not performed routinely. Therefore, the aim of the study was to evaluate whether genetic tests provide any benefit in patients with DVT.
IntroductIon
Deep vein thrombosis (DVT) constitutes a serious clinical, social, and economic problem. Besides the cases that are sometimes misdiagnosed, DVT may also display a subclinical course, with pulmonary embolism, a serious life threatening complication, as the only clinical manifestation of the disease [1] . In that form, even if properly treated, thromboembolism is still associated with a high mortality rate of up to 15% [2] . As well as of serious death risk, DVT may also result in permanent failure of valves in the deep vein system, with highly arduous long-term consequences: severe leg oedema, development of post-thrombotic syndrome, and leg ulceration. Thus, in addition to the direct cost of DVT treatment, the mentioned complications create significant costs for the budget of a healthcare system [3] . Moreover, they strongly affect the professional and social activity of the patient. Therefore, an effective prophylaxis of DVT and its complications should be of great interest for management in public health.
Deep vein thrombosis may be caused by various environmental or acquired factors. They include prolonged immobilisation, injury, major surgery, orthopaedic interventions, neoplasm, oral contraceptives, or hormonal replacement therapy. However, genetic predisposition, the prevalence of combIned pro-thrombotIc polymorphIsms In patIents wIth recurrent deep veIn thrombosIs -does genetIc testIng provIde any benefIt?
The prevalence of combined pro-thrombotic polymorphisms in patients with recurrent deep vein thrombosis -does genetic testing provide any benefit?
Phlebological Review 2015 known as inherited thrombophilia, is also recognised as an important risk factor of DVT [4, 5] . It is associated with the presence of polymorphic variants of two coagulation factors: FV R506Q, better known as factor Leiden, and prothrombin (PT) G20210A [6] . Furthermore, although its role in thrombosis development is indirect and more complex, polymorphism of gene encoding for methylenetetrahydrofolate reductase (MTHFR C677T), the enzyme engaged in homocysteine metabolism, is also involved [7] [8] [9] .
The current diagnostic algorithm of DVT includes ultrasound examination of the affected leg, vein compression test, and the measurement of D-dimer concentration [10] . In that algorithm the extended assessment of blood coagulation parameters or genetic testing are not performed routinely, especially at the first DVT episode. Regrettably, they are usually omitted also in cases of recurrent DVT. This decision is very often based on the assumption that the vein thrombosis itself increases the risk of disease recurrence. Indeed, the chance of DVT recurrence within 10 years after a first episode of thrombosis is estimated at approximately 25% [11, 12] .
It is widely accepted that molecular screening for main thrombophilic factors among the entire population is non-reasonable statistically and economically [3, 13] . Moreover, currently there are no clear indications concerning the management of patients with diagnosed mutations/polymorphisms, especially in their heterozygous forms. On the other hand, it is plausible that genetic tests introduced as a standard procedure also in the first idiopathic DVT, at least in some cases, could provide some benefit. We hypothesise that the implementation of genetic tests in the diagnostics of vein thrombosis will enable the more precise estimation of risk of thrombosis recurrence [11, 14] . The rationale for this idea could be verified by retrospective analysis in a group of patients with recurrent DVT. Therefore, the aim of the study was to evaluate the frequency and co-existence of three pro-thrombotic single nucleotide polymorphisms (SNPs): FV R506Q, PT G20210A, and MTHFR C677T in a group of Polish patients with two or more episodes of DVT.
materIal and methods
The study involved 40 individuals (24 female and 16 male, with a mean age of 52.7 ±13.7 years, ranging from 26 to 89 years), with medical history of at least two episodes of DVT: both in the past, or at least one in the past and the next at present, all confirmed by ultrasound scan of the leg venous system. None of the patients had diagnosed cancer, trauma, or had undergone major surgery during the onset of the first episode of DVT; however, in 7 of 24 women from the study group, the first episode could possibly be attributed to oral hormonal therapy [3, 10, 13] . The samples for population control (n = 102) originated from the DNA collection of a former large population study. None of the patients from the population control was diagnosed with DVT or cancer in the past.
All patients gave informed written consent to participate in the study, which was approved by the Local Ethics Committee.
One millilitre of peripheral blood from each patient was collected in an EDTA-containing test tube. Then blood samples were subjected to genomic DNA isolation using GenElute TM Blood Genomic DNA kit (Sigma-Aldrich, St. Louis, MO, USA). The DNA samples from both groups were then used for genotyping focused on three pro-thrombotic polymorphisms: FV R506Q (rs6025), PT G20210A (rs1799963), and MTHFR C677T (rs18001133). The analysis was performed using TaqMan® SNP Genotyping Assay (Life Technologies, Carlsbad, CA, USA) with an ABI PRISM 7500 Real-Time PCR device (Applied Biosystems, Foster City, CA, USA).
statistical analysis
The odds ratio (OR) with 95% CI for each tested polymorphism alone or in combination was calculated. The differences between groups were tested using Fisher's exact test, with p < 0.05 considered as statistically significant.
results
According to inclusion criteria, all patients involved in the study had a documented history of at least two episodes of DVT. The ultrasonographic examination, which was performed in all patients qualified for analysis, did not reveal any significant abnormalities in the deep vein system in 5 individuals, 9 patients showed valvular insufficiency localised only in tibial or calf intramuscular veins, and in another 15 patients the deep vein failure was limited to valvular incompetence of popliteal vein only. In 8 individuals the reflux in the deep system was detectable in both the popliteal and femoral veins. Among them, in 3 individuals, venous thrombosis was associated with pulmonary embolism in the past. In the next 3 patients the extensive deep vein damage involved the iliac vessels. Also in two of those patients pulmonary embolism had occurred in the past. Insufficiency of the superficial vein system was diagnosed in 33 of 40 patients. Nine patients from the DVT group developed at least one episode of chronic leg ulcer. The clinical data are summarised in Table 1 .
In the entire group only 8 patients were previously subjected to extended analysis of blood coagulation parameters with genetic tests for factor Leiden (R506Q) and prothrombin G20210A variants. The mentioned group included all individuals (n = 5) who developed pulmonary embolism, 1 patient after iliac vein thrombosis, and 2 other patients with femoral vein failure.
Interestingly, in that analysis a heterozygous Leiden pattern was detected only in two of the tested samples. Our reassessment confirmed both previously identified Leiden heterozygotes (FV 506 RQ). However, in the same 8 patients we detected one additional heterozygous variant of factor Leiden, and one prothrombin heterozygote (20210 GA), which had been unrecognised initially. In the remaining 32 patients we found another 4 heterozygotes (RQ) and 5 homozygotes (QQ) of factor Leiden, as well as 3 prothrombin homozygotes (20210 AA).
Regarding the analysis of MTHFR SNP in the patients group, there were 19 heterozygotes C677T and 4 homozygotes 677TT detected. Of note, only 6 among all of the patients involved in the analysis continuously received oral anticoagulant, although in 2 of them the main indication for its use was atrial fibrillation.
The distribution of pro-thrombotic alleles mentioned above, their frequency, and a comparison between the patient group and the control population are shown in Fig. 1 and in Table 1 and 2.
The assessment that focused on the co-existence of pro-thrombotic SNPs showed that only 9 of 40 (22.5%) individuals from the patients group versus 42 of 102 (41.2%) samples of the control population did not have any pro-thrombotic allele. The single pro-thrombotic allele (single heterozygote) was found in 16 of 40 patients (40%) but also in 54 of 102 (52.9%) control population samples. In both subgroups, MTHFR C677T was found as the most frequent single heterozygous SNP. It was present in 12 of 16 (75%) patients with single pro-thrombotic allele and in 44 of 48 (91.6%) respective controls. The presence of two risk-associated alleles was found in 10 of 40 (25%) patients, and corresponded to 5 single homozygotes and 5 double heterozygotes (Table 2 ). In the control population 12 of 102 (11.7%) samples revealed the presence of two risk-associated alleles. Three or more risk-associated alleles (pro-thrombotic homozygote combined with heterozygote, or other combinations) were found in 5 of 40 (12.5%) patients and none of the controls. Among 15 individuals bearing two or more pro-thrombotic alleles, only 1 patient revealed relatively mild symptoms in ultrasound examination concerning limited reflux in intramuscular veins of the calf. The remaining 14 patients presented more extensive changes in the deep vein system, as found in the ultrasound examination.
When considering all of the mentioned pro-thrombotic SNPs, the calculated risk of DVT recurrence in individuals bearing at least one risk-associated allele (OR = 2.29; 95% CI: 0.99-5.33) was statistically significantly higher, as SV (5) , O (7) ---3 CT (5) CT/GA (1) -popliteal (n = 15) SV (13) , O (14) , PS (8) , VLU (4) --1 2 CT (6) RQ (3) TT (1) CT/RQ (1) QQ (1) CT / QQ (1) popliteal and/or femoral (n = 8)
SV (8) , O (8) , PS (7) , VLU (3)
AA (1) QQ (1) TT / QQ (1) CT / AA (1) iliac and femoral (n = 3) SV (3) , O (3) , PS (3) , VLU (2) fig. 1 . The graphic presentation of frequency of main thrombophilic alleles in DVT vs. population control group. Calculated odds ratios (OR) with 95% confidence intervals (CI) were shown above corresponding bars, which represent a percentage of specified pro-thrombotic alleles. 
N -no symptoms; SV -superficial veins insufficiency; O -oedema; PS -post-thrombotic syndrome; VLU -venous leg ulcer; pro-thrombotic allele combination: CT / TT -of MTHFR C677T SNP; GA / AA -of PT G20210A SNP; RQ / QQ -of FV R506Q SNP

dIscussIon
In our study we have shown that the frequency of pro-thrombotic variants of main polymorphisms associated with deep vein thrombosis: FV R506Q and PT G20210A, was significantly higher in patients with recurrent DVT than in the control population. This finding, since it is similar to other reports, was not surprising. However, that risk, although considerably low, was still statistically significant when including relatively mild and indirect risk factors -the polymorphism of MTHFR (C677T) [8, 9, 15, 16] . Thus, including in our model all SNPs mentioned previously, we found that 37.5% of patients with recurrent DVT, but only 12.8% of population controls, carried two or more alleles associated with increased risk of venous thrombosis. Possibly our result could, at least partially, explain the observation that the thrombosis itself increases the risk of recurrence.
Remarkably, the genetic analysis, if implemented at all, concerns only two main thrombophilic SNPs: FV R506Q and PT G20210A. The risk allele Q of FV R506Q (Leiden) SNP is found in about 5% of individuals of the Caucasian population, whereas its prevalence in DVT patients may be higher than 20% [4, 17] . Heterozygous patients display a 5-to 7-fold increased risk of DVT, while in mutated homozygotes it may be over a dozen-fold higher than in healthy controls. Noticeably, in some reports even 80-fold higher risk has been suggested [4, 18, 19] . The frequency of the next polymorphism -PT G20210A -in the Caucasian population was estimated at approximately 2% [20] , while in patients with DVT it may reach 6% [21] . The heterozygous combination of PT 20210 A allele is associated with a 3-5-fold higher risk of the DVT development, whereas in 20210 AA homozygotes the chance to develop severe thrombotic complications is 8-10-fold higher than in healthy controls (Table 3) [4, 16] .
Of note, our results and some other reports indicate that the most common pro-thrombotic polymorphism in the Caucasian population is MTHFR C677T. Nevertheless, usually it is not included in genetic testing since it is considered rather a weak risk factor. This is true, especially when compared to the above-described dominant R506Q and PT G20210A SNPs. In contrast to them, recessive MTHFR 677 T allele is supposed to influence the risk of DVT indirectly, since its pro-thrombotic role is associated with hyperhomocysteinaemia and may be modified, e.g. by concomitant diseases or folate and vitamin B levels [15, 22, 23] . On the other hand, MTHFR 677T allele, since present in almost 50% of individuals of the general population [9, 15] , may slightly augment the influence of other pro-thrombotic factors, e.g. co-existing thrombophilic SNPs, major surgery or trauma, chronic venous insufficiency, oral contraceptives, cancer, etc. If such synergy occurs, the final risk may be significantly higher than estimated for single SNP. Therefore, the current recommendations, which identify the single heterozygous thrombophilic SNP, such as not requiring any special care [3, 11, 13, 24, 25] , may be inaccurate [26] . Notably, this may also apply to MTHFR SNP, where large meta-analyses, by decreasing the influence of ethnic specificity, seem to underestimate the role of this polymorphism [15, 16] .
The average cost of 6 months of DVT treatment is approximately 8000-10000 USD. When considering the management of possible complications -pulmonary embolism or venous leg ulcer -the cost of treatment is almost double. In the US the annual budget expenditure alone for DVT-associated treatment reaches approximately 6 billion USD [27] [28] [29] . In contrast, the annual costs of pharmacological prophylaxis (approximately 100-1000 USD per year, depending on the selected drug) and/or compression stockings (approximately 100-200 USD) for an individual patient do not exceed 500-600 USD. Furthermore, molecular biology methods, including genetic tests, have become much cheaper and are fully available in daily laboratory praxis. Nowadays, the cost of genetic assessment for the three mentioned pro-thrombotic SNPs ranges from 150 to 300 USD, depending on the test choice.
According to the guidelines of the American College of Medical Genetics, the indications for genetic testing in thrombophilia include patients with venous thrombosis in "atypical" localisation, at age < 50 years, a family history of thrombotic disease, and recurrent venous thrombosis [30] . However, our data suggest that the implementation of genetic testing, but also including MTHFR C677T SNP, may provide some benefit even after the first episode of DVT. Moreover, as shown above, such a personalised approach is also economically justified.
The estimation of DVT risk in correlation to the patient genotype was based on large meta-analyses and data from a paper by Middeldorp [4, 8, 16] . In such assessment the more composite allele configurations were associated with higher risk (Table 3 ). In our analysis 40% of DVT patients were bearing a single pro-thrombotic allele. The mean risk estimated for this group, since contributed to mainly by MTHFR 677 CT heterozygous pattern, was relatively low. However, almost the same number of DVT patients (37.5%) had composite allele configurations with the estimated mean risk above 5-8-fold. Remarkably, this estimation correlated also with patient's clinical history.
With the exception of one patient, with a relatively mild course of disease (seemingly due to chronic treatment with oral anticoagulants, which were taken to manage atrial fibrillation), other patients from that group had a more complicated history of DVT, including pulmonary embolism and leg ulceration.
Based on these retrospective data we conclude that the results of genetic tests, if available after the first episode of unprovoked DVT, could be used as a rationale to introduce or intensify the prophylaxis and thus protect from recurrence. Following such a personalised approach to genetic testing would enable risk stratification, e.g. to predict the occurrence of thrombotic complications after surgery, or in women using oral contraceptives, thus allowing more precise adjustment of the prophylaxis, including anticoagulants, to individual patient requirements and real risk of recurrence. This could be especially important, when considering the possible adverse effects of such treatment [31, 32] . Moreover, there is also a psychological aspect of such assessment. A patient who is aware of the higher risk of DVT will probably better comply with proposed treatment and prophylaxis. Apart from the necessary changes in indications for use of oral anticoagulants, the results of molecular testing may be helpful as a rationale for regular control of blood homocysteine levels and prophylactic use of folic acid or vitamin B to prevent hyperhomocysteinaemia in carriers of MTHFR 677T allele [22, 23] .
In summary, the results of our study suggest that genetic tests for FV R506Q, PT G20210A, and MTHFR C677T may provide some benefit for patients, especially when performed after the first episode of unprovoked DVT. However, further prospective studies in large populations are necessary.
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